The study investigated the effects of exposure to increased relative air humidity (RH) on stomatal morphology and sensitivity to stomata closure inducing stimulus (low RH) in hybrid aspen (Populus tremula L. × P. tremuloides Michx.) coppice growing in field conditions. Artificially elevated RH reduced air vapour pressure deficit by 5%-10% and altered stomatal sensitivity; trees grown under high RH exhibited stronger stomatal response to decreasing air humidity. We found no difference in mean stomatal pore length between treatments and a small decline in stomatal density under humidification. The lack of correlation between stomatal sensitivity and morphological traits suggests that stomatal sensitivity was unaffected by stomatal morphology. In light of rising atmospheric humidity predicted for high latitudes, strict stomatal control over water loss might be beneficial for trees if drought events become more frequent in the future. However, our experiment revealed that about two-thirds of the leaf-to-air vapour pressure difference (VPD L ) response curves demonstrated the opposite pattern, i.e., stomatal opening in response to increasing VPD L . Strict stomatal regulation is probably not beneficial to fast-growing aspen coppice under low RH, as this trait may restrict their carbon gain and growth rate.
Introduction
Short-rotation coppice of fast-growing woody plants is an efficient cultivation practice with many positive features (Hartwich et al. 2014) . As the need for renewable energy increases, we can expect more plantations for short-rotation forestry. In northern Europe, hybrid aspen (Populus tremula L. × P. tremuloides Michx.) is a suitable species for short-rotation forestry (Tullus et al. 2012b) , therefore the total area of the plantations in this region will likely increase in the future. The increased mean surface temperature and average precipitation predicted for northern Europe (IPCC 2013) will also lead to higher air humidity at higher latitudes, as well as greater frequency and duration of heat waves (IPCC 2013) . To cope with these climate changes, plants must adjust their water use, particularly their stomatal machinery, to the new conditions, as stomata are "gatekeepers" that regulate the amount of CO 2 acquired and water lost by plants. Regulation of stomatal conductance (g S ) is especially important for isohydric plants, as their ability to regulate stomatal openness is crucial for plant survival during severe droughts (McDowell et al. 2008) .
It is well known that g S decreases in response to drought and increasing atmospheric vapour pressure deficit (VPD). When soil water content declines, abscisic acid (ABA) is synthesised in roots and transported through xylem into guard cells (Assmann and Shimazaki 1999) , or ABA is synthesised in the guard cells in response to increasing VPD (Bauer et al. 2013) . ABA binds with ABA receptors in cytosol of guard cells, which triggers a cascade of events, leading to stomatal closure (reviewed by Kim et al. 2010) . This signalling mechanism mediated by ABA is known as chemical signalling. Assmann et al. (2000) demonstrated that Arabidopsis thaliana (L.) Heynh. has an alternative sensing mechanism in addition to the chemical one. Guard cells sense atmospheric humidity and soil moisture content through hydraulic signals, primarily by changes in leaf water potential (⌿ L ). When ⌿ L declines because of high efflux of water caused by high transpiration and (or) cuticular conductance (Eamus et al. 2008) or because of low influx caused by low hydraulic conductance from soil to leaf (Addington et al. 2004; Domec et al. 2009; Schäfer et al. 2000) , stomata close to preserve water and avoid cavitation-triggered embolism in xylem vessels. Evidently both chemical and hydraulic signals participate in stomatal regulation in response to changing environmental conditions (Comstock 2002) . Because atmospheric humidity is expected to increase, an understanding of how high humidity affects stomatal morphology and regulation is important.
Decreases in g S in response to factors that impel stomatal closure are influenced by the environmental conditions experienced during leaf development (Aliniaeifard and Van Meeteren 2013) . One factor affecting stomatal response is high air humidity. Leaves grown in high relative air humidity (RH) have bigger stomata in terms of overall length and width, and also exhibit higher variability in stomatal size. Moreover, growing continuously in high RH makes plants insensitive to water loss and stomatal sensitivity to closing stimuli is lower than in plants grown under moderate RH (Aliniaeifard et al. 2014; Arve et al. 2013; Rezaei Nejad and Van Meeteren 2005; Torre et al. 2003) . A study of Rosa hybrida L. demonstrates that most intraspecific variation in stomatal responsiveness can be attributed to differences in stomatal size (Giday et al. 2013b ). Fanourakis et al. (2013) showed that the functionality of stomata in R. hybrida is independent of their size, and Aliniaeifard et al. (2014) demonstrated that morphological changes of stomata of Vicia faba L. are not the main reason for stomatal malfunctioning after long-term exposure to low VPD. Giday et al. (2014) suggest that environmental impact on stomatal size is mediated primarily by the concentration of ABA ([ABA]) in leaves.
Plants growing in high humidity have lower [ABA] than plants growing in lower RH (Arve et al. 2013; Giday et al. 2013a; Rezaei Nejad and Van Meeteren 2008) . Experiments have demonstrated that although leaf [ABA] decreases rapidly under low VPD, malfunctioning of stomata is related not to [ABA] itself, but caused by the diminished response of stomatal conductance to ABA (Aliniaeifard and Van Meeteren 2013) . High RH and, thus, low [ABA] in plants during critical stages of leaf expansion (Fanourakis et al. 2011 ) and even after full expansion (Aliniaeifard et al. 2014; Rezaei Nejad and Van Meeteren 2008) affects stomatal sensitivity to closing signals.
Previous research, carried out on small lab plants by applying constantly high RH (≥90%), has been crucial to understand how high humidity affects stomatal regulation. The knowledge obtained from these experiments can be used to grow more viable plants in glasshouses, as the experiments were conducted in controlled environments, in growth chambers or glasshouses. However, research on the effects of air humidity on stomata in nature, in variable environments with quickly changing environmental drivers is scarce. This study investigates changes that occur in stomata of broadleaved trees growing under manipulated air humidity (mean VPD decreased by 5%-10%) in field conditions. Our aim is to test the following hypotheses: (1) growing plants in higher atmospheric humidity reduces stomatal sensitivity to closing stimuli, including increasing leaf-to-air vapour pressure difference (VPD L ); (2) growing in higher humidity affects stomatal morphology, i.e., stomatal size increases and stomatal density decreases.
Materials and methods

Study area and sample trees
The study area is situated in a hemiboreal forest zone at Rõka village (58°14=N, 27°17=E), eastern Estonia. The long-term average annual precipitation in the region is 650 mm and the average temperature is 17.0°C in July and -6.7°C in January. The growing season usually lasts 175-180 days from mid-April to October. The soil is a fertile Endogleyic Planosol (IUSS Working Group WRB 2007) with an A-horizon thickness of 27 cm. Total nitrogen content in the A-horizon is 0.11%-0.14%, carbon to nitrogen ratio is 11.4, and pH is 5.7-6.3.
The free air humidity manipulation (FAHM) site is a 2.7 ha fenced forest plantation with nine circular experimental plots (ø = 14 m). Half of the experimental plot was planted with hybrid aspen (Populus tremula × P. tremuloides) and half with silver birch (Betula pendula Roth.) in 2006. In 2012, the trees were felled and the plots replanted (silver birch) or coppice shoots (stump and root sprouts) were allowed to emerge (hybrid aspen). Three sample plots were used as control plots (C) and three plots were humidified (H). The experimental plots are surrounded by a hybrid aspen buffer zone.
RH was increased in humidification plots using a misting technique to atomize or vapourise water and a FACE-like (Free-Air Carbon Dioxide Enrichment) technology to mix humidified air inside the plots. RH inside H plots can be increased up to 18% over ambient levels. Humidification was applied in the daytime 6 days·week −1 when ambient RH was <75% and mean wind speed was <4 m·s −1 . A detailed description of the FAHM site and technical setup is presented in Kupper et al. (2011) .
In each experimental plot, main environmental parameters are routinely measured: air temperature (T a ) and RH (HMP45A humidity and temperature probe; Vaisala, Helsinki, Finland); photosynthetically active radiation (PAR) above the canopy (LI-190SZ quantum sensor; LI-COR Biosciences, Lincoln, Nebraska, USA); soil water potential (⌿ S ) at depths of 15 and 30 cm (EQ2 equitensiometer; Delta-T Devices, Burwell, UK). Sensor readings are collected and stored as average values every 1-10 min with a DL2e data logger (Delta-T Devices).
Stomatal conductance and leaf water potential measurements
Gas exchange and leaf water potential were measured from 21 July to 9 August 2013. To derive stomatal VPD response curves, one fully expanded leaf from each of 37 coppice shoots (from separate individuals) per manipulation were sampled for stomatal conductance. The mean height of the ramets was 1.39 m, and that of the sample leaves was 0.91 m. Stomatal conductance (g S ) was measured with a portable photosynthesis system LCpro+ (ADC BioScientific, Great Amwell, UK) equipped with an LED light source, while maintaining constant temperature (26°C) and CO 2 concentration (370 vpm) in the leaf chamber, and constant illumination (PAR =1398 mol·m −2 ·s −1 ). Stomatal conductance was measured for four levels of RH inside the leaf chamber: 80% or ambient (if external RH < 80%), 60%, 40%, and 20%. Measurements started at the highest level of RH and decreased stepwise to 20%. The first step lasted 6 min because the whole measurement sequence was started after g S had been stabilized, and the following steps lasted 12 min each. Simultaneously, bulk leaf water potential (⌿ L ; MPa) of four detached leaves closest to the "gas exchange leaf" was measured by the balancing pressure technique (Boyer 1995; Holbrook et al. 1995 ) using a Scholander-type pressure chamber.
Leaf morphological measurements
Approximately 0.25 cm 2 pieces of leaves were cut from the middle part of the leaf blades sampled for stomatal responses. Leaf tissues were cleared with a chloral hydrate solution containing 50 g chloral hydrate (Sigma-Aldrich Chemie Gmbh, Munich, Germany) in 15 mL water and 10 mL glycerol (Sigma-Aldrich). The samples were stained with fast green FCF and 1% aqueous Safranine O. Images of the leaf pieces were taken at 400× magnification with a Nikon Eclipse 50 light microscope equipped with a DS-Fi1 digital camera (Nikon Corp., Tokyo, Japan). Stomatal pore length (l st ; m) and number of stomata were measured from the images with ImageJ image processing software, version 1.36b (National Institutes of Health, Bethesda, Maryland, USA). Stomatal density (D s ; stomata·mm −2 ) was calculated from these measurements. Altogether, 760 stomata were measured per treatment. Stomatal pore area index (SPI), a dimensionless index of stomatal pore area per lamina, was calculated according to Sack et al. (2003) :
Data analysis
To derive g S to water vapour pressure response curves, leaf-toair vapour pressure differences (VPD L ; kPa) were calculated from the gas exchange measurements at different RH. VPD L was estimated as the difference between saturated vapour pressure (e sat ; kPa) at the leaf temperature (T L ;°C) and the vapour pressure inside the leaf chamber. Saturated vapour pressure was calculated according to Buck (1981) : (2) e sat ϭ (1.0007 ϩ 3.46 × 10
where P is an atmospheric pressure (kPa). Atmospheric vapour pressure deficit (VPD; kPa) in experimental plots was calculated from air temperature, e sat , and RH. The sensitivity of stomata to VPD L was determined by fitting the data to the following function (Oren et al. 1999) :
where empirical parameter g Sr is the reference stomatal conductance at VPD L = 1 kPa, and m is the rate of stomatal closure that reflects the sensitivity of g S to VPD L . An alternative algorithm was also used to estimate stomatal sensitivity. The data were initially separated by treatment (C or H), after which g S values from each data set were separated into six groups according to VPD L with mean values for g S and VPD L calculated for each group. Using the mean values, linear regressions between log-transformed VPD L and g S were derived. The slope of the regression line was interpreted as the sensitivity of stomata to VPD L . The sensitivity of intrinsic water-use efficiency (IWUE; ratio of net photosynthesis to stomatal conductance to water vapour) to rising VPD L was assessed in the same way. A statistical data analysis was completed using Statistica, version 7.1 (StatSoft Inc., Tulsa, Oklahoma, USA). We applied logistic regression to assess how the categorical dependent binary variable -stomatal closing or opening response to rising VPD Ldepends on continuous environmental and stomatal variables. Analysis of variance (ANOVA) was used to estimate the effects of environmental and morphological characteristics of stomata on g S and the sensitivity parameters. As stomata closed or opened in response to rising VPD L , we performed the analyses using separate data subsets distinguished by direction of the response. Effects of "Treatment", "Sample plot" (nested in the first) and relevant covariates (leaf area, heights of leaf and shoot) on stomatal morphology were also analysed. Normality of data and homogeneity of variances were checked using the Kolmogorov-Smirnov D-statistics and the Levene test, respectively. When appropriate, logarithmic or complex transformations were applied to the data. Post hoc mean comparisons were conducted using Tukey's honestly significant diffrence test. Means of initial stomatal conductance (g S in ), IWUE, m, and g Sr between the treatments were computed only from stomatal closing responses; means of other characteristics are based on the whole data set.
Results
From June to August, daily average RH was 3%-4% lower in H plots compared with the control. Mean VPD across 24 h was reduced by 5.1% (P = 0.049; Fig. 1 ) in H plots, and by 9.6% during the misting application. We found no differences in RH or VPD between the treatments at night.
For the complete data set, stomata closed with rising VPD L significantly (P < 0.01) faster in the H treatment (␤ = −1.016; R 2 = 0.88; P = 0.005) than in control trees (␤ = −0.206; R 2 = 0.69; P = 0.038). At the same time, IWUE increased in response to rising VPD L with a significantly (P < 0.02) steeper slope in the H treatment (␤ = 24.5; R 2 = 0.96; P < 0.001) than in control trees (␤ = 12.7; R 2 = 0.78; P = 0.018) (Fig. 2) .
Stomata responded to increasing vapour pressure difference in two ways: stomata closed in response to rising VPD L (decreasing response, DR) or g S increased as VPD L rose (increasing response, IR; Fig. 3 ). We established 23 DR curves and 51 IR curves, of which 55% of the IR responses occurred in C plants. The mean g S of the IR response increased about 2.7 times during the experiment compared with g S in . Logistic regression revealed that the response type was determined by soil water potential measured at 30 cm (P < 0.001) and stomatal conductance prior to measurement (g S in ; P < 0.001). Initial stomatal conductance was positively related to leaf water potential (⌿ L ; R 2 = 0.72, P < 0.001) and negatively to air temperature (T a ; R 2 = 0.39, P < 0.001; Fig. 4 ). Initial stomatal conductance was, on average, 10-fold greater and IWUE 17-fold less before the decreasing response than before the increasing response ( Table 1 ). The mean ⌿ L was higher and ⌿ S lower, when stomatal DR response occurred, compared with IR response (Table 1 ). In addition, mean T a , RH, and PAR recorded prior to g S measurements differed significantly between the two types of stomatal responses: DR response induced by rising VPD L was favoured at lower T a and PAR and higher RH (Table 1) .
Only DR curves were analysed to test the humidification effect on stomatal sensitivity. There were significant differences in the means of g S in and IWUE between the treatments (Table 2) : g S in was greater and IWUE lower in high-humidity grown trees than in C trees. We found no differences in soil water status or T a and RH measured during the hour prior to gas exchange measurements between the treatments, whereas ⌿ L was 0.19 MPa higher (P = 0.045) in leaves in H treatment ( Table 2 ). The rate of stomatal closure (m) was significantly greater in H trees than in control trees, but the treatments did not differ in reference stomatal conductance, g Sr (Table 2 ). The DR response curves revealed that only g S in had an effect (P < 0.001) on m. Analysis of DR response curves separately shows that g S in depended on treatment (P = 0.014), ⌿ S (P < 0.001), and T a (P = 0.007). We detected no factors that could affect m for IR response. The rate of stomatal closure (m) was strongly inversely correlated with g Sr and the slopes of the corresponding regressions differed (P < 0.001) among the treatments (Fig. 5) .
Air humidification influenced stomatal density (D s ) and stomatal pore area index (SPI; 
Discussion
Direction of stomatal response
Our measurements conducted on intact leaves of hybrid aspen coppice in field conditions revealed that about two-thirds of the g S to VPD L response curves represented an increasing response (IR) to rising leaf-to-air vapour pressure difference (Fig. 3) . This response was observed more frequently in control plants, characterised by weaker stomatal control. Short-term stomatal opening resulting from decreasing humidity is a long-known phenomenon (called Iwanoff effect) -g S increases typically for 5-15 min and then declines (reviewed by Buckley 2005) . However, our gas exchange measurement cycles on particular leaves persisted for
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For personal use only. higher ϳ40 min with no decline in g S by the end of measurement cycle. The leaves that displayed IR response were in significantly warmer and drier air and exposed to higher PAR before gas exchange measurements started than leaves showing DR response (Table 1) . These conditions resulted in lower ⌿ L and almost closed stomata at the beginning of the measurement cycle according to the respective bivariate relationships (Table 1 and Fig. 4) . During the cycle, g S increased confirming stomatal opening with increasing VPD L . Stomata may open or stay open under increasing T a and VPD to mitigate the negative effect of high leaf temperature on the photosynthetic machinery through enhanced evaporative cooling (Burghardt et al. 2008; Rogiers et al. 2012; Youssef and Saenger 1998) . Well-irrigated plants of Triticum aestivum L. open their stomata in response to declining air humidity and have also greater hydraulic conductivity under dryer air conditions (Kudoyarova et al. 2007 ). This behaviour probably promotes rapid growth and higher productivity under well-watered conditions, in that high hydraulic conductivity permits water lost through transpiration to be replaced quickly with water from soil without a need to limit g S (Kudoyarova et al. 2007 ). Our study was conducted on current-year coppice shoots supported by large root systems of 8-year-old trees harvested the previous autumn. Large root systems and high ⌿ S provide a plentiful water supply to foliage, thus enabling enhanced evaporative cooling of leaves at high temperature. Poor control of water loss is considered especially beneficial for seedlings and root sprouts, as it allows higher assimilation rates and therefore faster growth at early developmental stages of trees (Su et al. 2014) .
Changes in stomatal sensitivity
In spite of relatively small changes in growth environment (Fig. 1) , stomata of hybrid aspen coppice grown under higher RH demonstrated a faster response (both as for g S and IWUE) to increasing VPD L than the control (Fig. 2) , suggesting that the high-RH grown plants respond more sensitively to changes in atmospheric vapour pressure. Analysis of data on the expected response, i.e., the data from DR curves, confirmed this result; rate of stomatal closure (m) increases as a result of air humidity manipulation (Table 2 ). This is in accord with the finding that high air humidity alters stomatal sensitivity to different stomata closing factors in other species (Aliniaeifard et al. 2014; Fanourakis et al. 2011 ; Torre et al. 2003) . However, these studies report an opposite responsehigh air humidity makes stomata less sensitive to closureinducing treatments (including high VPD). Thus, our results refute the first hypothesis.
Our findings agree with the data published by Li and Li (2014) , who showed that more sensitive stomata develop in trees growing in climate zones with higher average RH compared with drier environments. Our experiment and that of Li and Li (2014) were conducted on intact trees in natural conditions, where plants are exposed to a multitude of daily and seasonally variable environmental factors, whereas other experiments (Aliniaeifard et al. 2014; Fanourakis et al. 2011 Fanourakis et al. , 2013 Rezaei Nejad and Van Meeteren 2005; Torre et al. 2003) , applying constant and considerably greater humidity increases, were performed on small lab plants under controlled and stable conditions. It is probable that stomata must experience complete opening and closure during leaf expansion to develop fully functional stomata, regardless of the nature of closing signals (Arve et al. 2013 ). Previous results from the FAHM experiment show that air humidity manipulation reduces transpiration rates substantially due to lower VPD, thereby retaining more soil water (i.e., higher ⌿ S ) in H plots (Kupper et al. 2011; Niglas et al. 2014) . In the present study, there was no difference in ⌿ S between the treatments during the measurement period (Table 2) . Thus, the differences in stomatal sensitivity between the treatments were not triggered by root-borne chemical signals. Guard cells can autonomously produce ABA, which modifies stomatal responses to changes in VPD (Bauer et al. 2013 ). However, Okamoto et al. (2009) demonstrated that high RH induces ABA 8=-hydroxylase both in stomata and vasculature, followed by a reduction in ABA levels.
Our results are also consistent with growth chamber experiments on V. faba plants: elevated RH results in enhanced stomatal response to increased CO 2 , another closure triggering factor (Talbott et al. 2003) . Talbott et al. (2003) associated this response with growing in a natural environment -it reflects an acclimation of leaves to growth in dense canopies, while the acclimation mechanism remains unclear. Under dense, sheltered canopies, leaves experience poor light conditions, lowered ambient CO 2 concentration, and elevated RH. Under these conditions, light-stimulated stomatal opening is reduced, possibly limiting photosynthesis through inadequate CO 2 uptake, while high RH acts as a signal for these conditions.
In principle, the changes in stomatal sensitivity observed in hybrid aspen agree with the results obtained in B. pendula from the FAHM experiment. Sellin et al. (2014) indicated that, under water deficit, g S in silver birch declines faster in trees grown under higher RH. This alteration itself has no direct adverse consequences on tree functioning. However, disproportionate changes in sensitivity of stomatal versus leaf hydraulic conductance to water deficit during sudden weather fluctuations will impose greater risk of desiccation-induced hydraulic dysfunction in plants grown under high atmospheric humidity, and might represent a potential threat to hemiboreal forest ecosystems .
ANOVA revealed that stomatal sensitivity depended primarily on initial stomatal conductance, i.e., on g S at low VPD L . Because g Sr is inversely related to m, greater stomatal openness at low VPD brings on faster stomatal closure (Oren et al. 1999) . Although the air humidity manipulation influenced g S in but not g Sr in hybrid aspen coppice, g Sr was strongly correlated with m in both treatments. The theoretical slope for the g Sr versus m relationship in isohydric species is approximately -0.6, which is consistent with the role of stomata in regulating minimum ⌿ L , regardless of whether the data are based on porometric measurements on leaves, on sap flux-based stomatal conductance of whole trees, or stand-level canopy conductance (Oren et al. 1999 ). The corresponding slopes in our study were −0.67 and −0.89 for C and H treatment, respectively (Fig. 5) . However, forcing the regression lines through the origin, which is a reasonable expectation of the y intercept (Meinzer et al. 2013) , resulted in slopes of -0.49 and −0.69 for C and H trees, respectively. The zero-intercept slope for humidity-treated trees is closer to the theoretical value of -0.6 and confirms a strict stomatal control over leaf water loss and ⌿ L . Oren et al. (1999) showed that desert species have g Sr versus m slopes of about -0.4, rather than -0.6, and consequently drought-tolerant species possess less strict regulation of leaf water potential with increasing VPD. As a fast-growing tree species, hybrid aspen is generally characterised by weak stomatal control over transpirational water loss (Aasamaa and Sõber 2011) . Greater m in C trees hints at looser stomatal control for trees growing under ambient RH.
Longer stomatal pore length (l st ) and lower stomatal density (D s ) have been found in several species grown under high humidity (Aliniaeifard et al. 2014; Fanourakis et al. 2011; Rezaei Nejad and Van Meeteren 2005; Torre et al. 2003 ). We did not find a treatment effect on l st in hybrid aspen leaves, although D s exhibited a decreasing trend in humidified plots (Tables 2 and 3) , thereby partially confirming our second hypothesis. As changes in atmospheric humidity did not affect stomatal size, nor did we find correlations between morphological and physiological characteristics, therefore the changes in stomatal sensitivity are not associated with stomatal morphology. This is consistent with the results obtained for V. faba by Aliniaeifard et al. (2014) . Decreased SPI in H plants is attributable to reduced water fluxes through the leaves under low atmospheric evaporative demand, as SPI has proved to be a strong and predictive indicator of maximum leaf hydraulic conductance (K L ) for a broad range of species from contrasting habitats (Sack et al. 2003 (Sack et al. , 2005 . Although we did not measure K L in coppice of hybrid aspen, K L was unaffected by humidity manipulation in 4-6 m tall aspen trees (A.K. Jasiń ska, unpublished data), while it decreased significantly in B. pendula (Sellin et al. 2013) . Fichot et al. (2011) showed a strong positive relationship between SPI and IWUE across hybrid poplar genotypes.
In summary, hybrid aspen plants grown under elevated atmospheric humidity exhibit higher sensitivity to changes in VPD L , both in terms of stomatal conductance and IWUE. Thus, the first hypothesis -growing plants under higher air humidity reduces stomatal sensitivity to increasing VPD L -was not confirmed. Although higher stomatal sensitivity provides more efficient control over water loss in mild droughts, increasing atmospheric RH predicted for high latitudes may not be beneficial to hybrid aspen in the long term (Tullus et al. 2012a) . During weather extremes, e.g., during more frequent heat waves, plants maintain minimal stomatal openness, but plants grown at moderate air humidity are more subject to stomatal widening in response to VPD rise, mitigating the direct impact of harsh conditions on photosynthesis and productivity by means of enhanced evaporative cooling. Our second hypothesis was supported partially; increased RH influenced stomatal density but not stomatal size. The morphological changes were evidently too slight to influence stomatal functional characteristics. However, the trends observed in D s and IWUE are consistent with those published for a variety of species (including different Populus genotypes) with respect to water availability, i.e., higher leaf water-use efficiency is associated with greater stomatal density (Monclus et al. 2006; Xu and Zhou 2008; Yang et al. 2004 ).
